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Abstract 
The research study is devoted to solving the urgent problem of improving the wear resistance of metal friction surfaces of 
modern machinery and technological equipment. This one presents an alternative method of treatment based on changing the 
friction surfaces (their geometrical, mechanical and physical-chemical characteristics). The combined effect on the friction 
surface of a dynamic method of surface plastic deformation based on collision of working substances (fraction) from the surface 
to be treated under the influence of an ultrasonic field with simultaneous diffusion into the metal surface of the composite coating 
system based on the Fe-Ni-Cr-B-Si-Mn is investigated. In the research analytical expressions have been shown to determine the 
optimal chemical composition of the powder (coating system based on the Fe-Ni-Cr-B-Si-Mn), and also the expression to 
determine processing parameters including penetration depth of pellets on the surface. To confirm the effectiveness of the 
considered method for processing, laboratory tests were conducted that were aimed at determination of the depth of diffusion of 
the chemical powder (iron coating systems based on the Fe-Ni-Cr-B-Si-Mn) in the process of the treatment and the test of wear 
resistance. 
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1. Introduction  
Development of the modern mechanical engineering is connected with construction meshing of the machinery 
and manufacture. Moreover it is connected with meshing of the operational conditions such as increasing speed, 
tensions, thermal conditions and so on. As a result there is an actual problem of the reduction of the wear resistance 
of metal surfaces which is the main reason of the engineering breaking.  
The increasing of the wear resistance is the priority problem of the modern mechanical engineering. Nowadays 
there is not optimal method of the  friction surface treatment including the best result and small cost price. 
Application of the dynamic method treatments (surface plastic deformation (SPD)) of the metal surfaces lets 
increase its hardness and wear resistance. The efficient application of the shot blasting of metal surfaces is shown in 
research [1-4]. Moreover using at the same time doping material and ultrasonic vibrations while shot blasting lets 
obtain metal surfaces with different mechanical and physical properties. 
Using ultrasonic vibrations while treatment of the metal surfaces is characterized by specific process proceeding 
into metal surface and doping material: 
- sound-capillary effect is characterized by deep invasion of fluid and the smallest elements into capillaries and 
cracks of the material under the influence of ultrasonic vibrations [1, 2]; 
- intense process of the dispersion of powder stuff doping material; 
- friction reduction and increase of the plasticity of the metal with both parallel and normal orientation vibrational 
displacement relative to the boundary surface [1]. 
It’s shown in the research [3] that introduction to the friction zone ultrasonic vibration causes structural and 
thermal activation of the contact surfaces as a result there is an increase of the energy state and reactivity of that 
contact surfaces. All this intensifies formation into the friction zone of solid oxide and adsorbed films which cause 
"shielding" effect on the adhesion processes which result in reducing the friction coefficient [3]. 
2. Applying chemical dopants 
The various chemical compounds (molybdenum disulfide, graphite powder PGML-2) may be used as dopants. 
Thus, increasing the depth of diffusion of lubricants in the metal surface can significantly extend the life of the 
friction surfaces without significantly changing of their hardness. 
There are various ways to diffuse the lubricant in the metal surface including treatment with a surface plastic 
deformation. It should be noted that the wear resistance of frictional surfaces dependence on the depth of diffusion 
of dopants and SPD processing modes is not completely understood. Thus, it is interesting to determine the 
tribological properties of the friction surfaces of the modes of methods SPD and applied doping material. 
To detect this depending, laboratory tests have been conducted in which the metal surface have been reinforced 
with a composite cover via SPD [4]. The efficiency of coating iron- system based on the Fe-Ni-Cr-B-Si-Mn on the 
technical, economic and environmental indicators had been detected in the research [5], that is in contrast to the 
existing methods that allowing to make the best decision only on the technical and economic efficiency of the 
considered variants. The determination of the optimal chemical composition of the powder was carried out to bring 
the parameter optimization, which allows to take into account the hardness, wear resistance, the cost of a coverage, 
as well as the mass fraction of recyclable waste [5]: 
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Where:  
HRC : relative hardness of the coating. 
H : relative wearing capacity. 
S : relative value. 
1O : coefficient taking into account the degree of anthropogenic impact in the production phase. 
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For mixtures with high content of iron smaller values 1O  are due to the possibility of the recycling of spraying 
waste to obtain ferrous metals [5]. The dispersed iron containing mixture can be processed to obtain the charge for 
the production of ductile and grey iron, as well as the synthesized carbon steels. 
As a result, it has been found that PGML cover-2 with the following composition,%: C - 1; Cr - 10; Ni - 34; Mn - 
5; B - 5; Si - 6; Fe – 39 had the most effective technical, economic and environmental characteristics. A significant 
content of iron and reduction of the mass fraction of nickel in the coating of the developed chemical composition 
lead to a small price of it. 
3. Treatment of friction surfaces 
For determining the geometric characteristics of the friction surface during the process of SPD the expression (2) 
of residual depth of the pellet penetration into the metal surface can be used [6]: 
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Where: 
dɇ   :  the dynamic hardness.  
1T    :  the proportionality factor. 
0S   :  the function of the relative bearing surface. 
d   :  the diameter of  the pellets. 
U   :  the density of steel. 
0v   :  the speed of the impact of the metal pellets on the treated surface. 
dK   :  the dynamic hardness factor. 
rɚ   :  the reversible elastic part of the complete convergence. 
The essence of the study was following. 
Dopant (PGML-2) and pellets were placed into the working chamber 4 detail 8 was inserted into technological 
holes 6 of the working chamber 4 and lid 5 was sealed. After switching on the device the ultrasonic vibration of the 
magnetostrictive transducer 2 transmitted into a conical hub 3, after passed through conical hub 3 the ultrasonic 
vibration changed its amplitude fluctuations due to variable section tapered hub. Ultrasonic vibration were 
transmitted to the chamber wall 4 through the conical hub 3, dopant (PGML-2) and pellets were set in motion before 
the collision with the detail 8. For a uniform treatment of the entire detail surface 7 by dopant (PGML-2) and pellets, 
the detail 8 was being rotated by an electric motor while the treatment. 
Distance L was determined as follows: 
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Where: 
F   :  the coefficient taking into account the interaction between the pellets. 
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  :  the coefficient of the restitution pellet speed. 
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p pm g   :  the weight of the pellets. 
uZ   :  the frequency of the ultrasonic vibration. 
( )F z   :  the impact force on the pellet surface to be treated. 
pm   :  the mass of the pellets. 
[   :  the amplitude of the ultrasonic vibrations. 
S   :  Pi. 
 
 
Fig. 1 For laboratory testing prototypes were made of steel grade 20, which are metal disks of 51 mm diameter and 12 mm thick. The processing 
was carried out under the following conditions: the frequency of the ultrasonic vibration - 22 kHz, the total mass of pellets is 20 grams, the total 
weight of dopant is 4 grams, the distance L = 5 mm, the rotational speed of the details - 4 deg / sec, the duration of treatment is 90 sec. 
The rotational speed of the detail while the treatment was determined as follows: 
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where: 
treatW   :  the duration of the treatment. 
tk = 8  :  dimensionless coefficient that takes into account the unevenness of the surface treatment. 
After the treatments the portion of the metal details were cut from the center, slice surfaces were polished than 
they were etched in 4% HNO3 solution in alcohol after that the samples were placed into metallographic microscope 
«Neophot-21" (Fig. 2) and then diffusion depth was measured (Fig. 3, Fig. 4). 
Photos of sections of the detail surface which were made with metallographic microscope «Neophot-21", are 
shown in Fig. 3 (the photographs show the clearly visible diffusion depth of the dopant into the detail surfaces). 
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Fig. 2 metallographic microscope «Neophot-21" 
 
Fig. 3. The photo of the metal surface after treatment  x 500 
 
Fig. 4. The photo of the metal surface after treatment  x 1000 
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To determine the wear resistance of the metal surfaces the trials were carried out on the surface wearing. The 
wear resistance tests were conducted by the friction drive CMT-1 under the following conditions: rotating speed of 
details - 750 parts / minute, during the test load on the detail was 200 N, the test duration was 60 minutes. Number 
of test repetitions was made 5, according to the Student's test. 
4. Conclusion 
The results of the tests revealed that the average wear resistance increased by 10 - 15%, compared to the wear 
resistance of the metal surfaces which were treated without the dopant (PGML-2). Diffusion depth of the dopant was 
in average of 50 - 60 microns. Imposition of the ultrasonic vibrations during the treatment allows to increase the 
wear resistance of 8 - 10% in addition.  
It should be noted that the improvement of wear resistance is related to two processes taking place in the surface 
of the metal details during the treatment: 
numerous development of dislocation - the metal lattice defects accumulate near the shift lines, and then they 
"jam" to the various types of obstacles which generated during the deformation process (crossing of dislocations, the 
trajectory of which intersect at an angle, deformation bands, and so on.); 
The diffusion of the dopant into the metal surface of the detail, and as a result, it changes the physical 
characteristics of the friction surface and the coefficient of friction. 
Thus, using together high-coverings dopant (PGML-2) and ultrasonic vibrations during the treatment (SPD) lets 
improve the wear resistance of the metal surfaces by up to 25% as compared with conventional methods of dynamic 
SPD without using dopant and the ultrasonic vibrations. 
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